CONTROLLABLE DAMPING FORCE SHOCK ABSORBER 



BACKGROUND OF THE INVENTION 

The present invention relates to a controllable 
damping force shock absorber utilizing a fluid having 
5 viscosity varied due to the action of a magnetic field or 
an electric field. 

In general, in a controllable damping force shock 
absorber mounted on a suspension apparatus of a vehicle, 
such as an automobile, a piston connected to a piston rod 
10 is slidably fitted into a cylinder in which a hydraulic 
fluid is sealably contained, and a damping force- 
controlling valve is provided in a passage through which 
the hydraulic fluid flows according to slidable movement of 
the piston. The damping force-controlling valve is 
15 operated by means of an actuator, such as a proportional 

solenoid, a stepping motor, etc., to thereby change a flow 
path area for the hydraulic fluid, thus controlling a 
damping force. 

In a conventional controllable damping force shock 
20 absorber of the above-mentioned type, problems arise such 
as slow response of an actuator relative to a control 
current, lowering of performance due to wear of a damping 
force-controlling valve and inconsistent performance due to 
complexity of a structure. 

25 Therefore, various proposals have been made with 

regard to a controllable damping force shock absorber which 
utilizes a magnetic fluid with viscosity varied due to the 
action of a magnetic field, instead of a hydraulic fluid. 
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In such a shock absorber, a coil, instead of a damping 
force-controlling valve, is provided in a flow passage 
through which a magnetic fluid flows. The magnetic fluid 
is exposed to a magnetic field generated by the coil, 

5 thereby changing the viscosity of the magnetic fluid and 
thus controlling a damping force. An example of such a 
controllable damping force shock absorber is disclosed in 
U.S. Patent No. 6,095,486. 

With this arrangement , when a current applied to the 
10 coil is reduced, the magnetic field strength acting on the 
magnetic fluid in the flow passage lowers, thus lowering 
the viscosity of the magnetic fluid and decreasing a 
damping force. On the other hand, when a current applied 
to the coil is increased, the magnetic field strength 
15 increases, thus increasing the viscosity of the magnetic 
fluid and increasing a damping force. 

Such a controllable damping force shock absorber 
utilizing a magnetic fluid has a simple structure. Further, 
a damping force is controlled by controlling the magnetic 
20 fluid itself, i.e., changing the viscosity thereof, so that 
rapid response to a controlled current can be achieved. In 
addition, lowering of performance due to mechanical causes, 
such as wear, is unlikely to occur. 

However, in the above-mentioned conventional 
25 controllable damping force shock absorber utilizing a 

magnetic fluid, the following problem arises. To provide 
soft damping with a sufficiently small damping force, the 



magnetic fluid is required to be flowed at a high flow rate. 
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To generate a sufficiently large damping force relative to 
the magnetic fluid flowing at a high flow rate, a high 
current must be applied to the coil, and a capacity of the 
coil is required to be large. This results in high power 
5 consumption and an increase in the size of the coil. 

The same principle of operation can be applied to a 
controllable damping force shock absorber which utilizes an 
electrorheological fluid and electrodes, instead of a 
magnetic fluid and a coil. Such a shock absorber has the 
10 same problem as described above. 

SUMMARY OF THE INVENTION 

In view of the above situation, the present invention 
has been made. It is an object of the present invention to 
provide a controllable damping force shock absorber, 

15 utilizing a variable viscosity fluid, which can be operated 
with low power consumption and which achieves a reduction 
in size of a coil or electrodes. 

The present invention provides a controllable damping 
force shock absorber comprising a cylinder, a piston 
20 slidably disposed in the cylinder in a fitted relationship 
and a piston rod having one end connected to the piston. 

The other end of the piston rod is extended to the outside 
of the cylinder. A variable viscosity fluid is sealably 
contained in the cylinder, and a damping force-controlling 
25 mechanism controls a damping force by controlling a flow of 
the variable viscosity fluid caused by slidable movement of 
the piston. The damping force-controlling mechanism 
includes a damping valve having a pres sure -receiving 
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portion for receiving a pressure of the variable viscosity 
fluid in at least one of an extension stroke and a 
compression stroke of the piston rod. A pilot chamber is 
provided behind the pressure-receiving portion, and a 
5 pressure in the pilot chamber is applied in a direction for 
closing the damping valve, to thereby control the damping 
valve. A pilot passage is formed so as to allow the 
variable viscosity fluid to flow through the pilot chamber 
according to slidable movement of the piston. Viscosity- 
10 changing means is provided to change viscosity of the 

variable viscosity fluid flowing through the pilot passage. 

With this arrangement, in an extension or compression 
stroke of the piston rod, a damping force is generated by 
means of the damping valve and the pilot passage. By 
15 operating the viscosity- changing means to thereby generate 
an energy field, the viscosity of the variable viscosity 
fluid flowing through the pilot passage changes due to the 
action of the energy field, thus changing the flow 
resistance of the pilot passage. Therefore, the pressure 
20 in the pilot chamber changes according to the strength of 
the energy field, to thereby control a valve-opening 
pressure of the damping valve. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a vertical sectional view of an essential 
25 part of a controllable damping force shock absorber 

according to a first embodiment of the present invention. 

Fig. 2 is a vertical sectional view of an essential 
part of a controllable damping force shock absorber 
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according to a second embodiment of the present invention. 

Fig. 3 is a fluid circuit diagram of the shock 
absorber of Fig. 2. 

Fig. 4 is a graph indicating an example of a ratio 
5 between the currents applied to two coils in the shock 
absorber shown in Fig. 2. 

Fig. 5 is a graph indicating a relationship between a 
ratio of a pressure in a pilot chamber to a pressure in 
each of upper and lower cylinder chambers and the ratio, 

10 indicated in Fig. 4, between the currents applied to the 
coils in the shock absorber of Fig. 2. 

Fig. 6 is a graph indicating a relationship between a 
damping force and the ratio, indicated in Fig. 4, between 
the currents applied to the coils in the shock absorber of 
15 Fig. 2. 

Fig. 7 is a graph indicating damping force 
characteristics in a low-speed range of piston speeds of 
the shock absorber of Fig. 2. 

Fig. 8 is a vertical sectional view of an essential 
20 part of a controllable damping force shock absorber 

according to a third embodiment of the present invention. 
DETAILED DESCRIPTION OF THE INVENTION 

Hereinbelow, embodiments of the present invention are 
described in detail , referring to the accompanying drawings . 
25 First, a first embodiment is described, referring to 

Fig. 1. As indicated in Fig. 1, a controllable damping 
force shock absorber 1 according to this embodiment 
comprises a cylinder 2 , in which a generally cylindrical 
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piston member 3 having one end closed is slidably disposed 
in a fitted relationship (the piston member 3, including a 
piston seal 4 described later, forms a piston) . A piston 
seal 4 is provided on a side of an open end of the piston 
5 member 3. An inside of the cylinder 2 is divided into an 
upper cylinder chamber 2a and a lower cylinder chamber 2b 
by the piston seal 4. One end of a piston rod 5 having a 
hollow structure is connected to a bottom portion of the 
piston member 3, and the other end of the piston rod 5 is 
10 extended to the outside through a rod guide (not shown) and 
an oil seal (not shown) provided at an end portion of the 
cylinder 2 . 

A magnetic fluid (an example of a variable viscosity 
fluid) is sealably contained in the cylinder 2. The 
15 magnetic fluid is a fluid having viscosity varied due to 
the action of a magnetic field, such as a composite 
material composed of ferromagnetic ultra-fine particles 
uniformly and stably dispersed within a liquid medium. As 
the strength of a magnetic field to which the magnetic 
20 fluid is exposed is increased, the viscosity of the 
magnetic fluid is also increased. The cylinder 2 is 
connected to a reservoir (not shown) in which the magnetic 
fluid and a gas are sealably contained. A voluminal change 
in the cylinder 2 corresponding to the volume of the 
25 portion of the piston rod 5 that enters or retracts from 
the cylinder 2 is compensated for by compression and 
expansion of the gas. 

A generally cylindrical movable member 7 having one 
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end closed is slidably disposed in a cylindrical portion 6 
of the piston member 3 in a fitted relationship. An 
annular main valve member 8 is threadably fixed to an open 
end portion of the piston member 3. A disc valve 11 is 
5 interposed between an annular seat portion 9 which projects 
from a bottom portion of the movable member 7 and an 
annular seat portion 10 which projects from the main valve 
member 8. The movable member 7 and the disc valve 11 in 
combination form a damping valve in the present invention. 
10 The movable member 7 and the disc valve 11 are biased 
toward the seat portion 10 under force of a spring 12. 

A generally cylindrical coil case 14 is fittingly 
disposed and fixed in a cylindrical portion 13 which 
projects from the bottom portion of the piston member 3. 

i 

15 One end portion of a cylindrical slide member 16 is 

slidably disposed in a guide bore 15 formed at a central 
portion of the coil case 14, and the other end portion of 
the slide member 16 extends through the disc valve 11, 
thereby radially positioning the disc valve 11. A seat 
20 portion 17 is formed at an outer peripheral portion of the 
other end portion of the slide member 16. A spring 19 is 
interposed between the slide member 16 and a spring bearing 
18 attached to the main valve member 8. The spring 19 
applies a force to the slide member 16 in a direction such 
25 that the seat portion 17 presses a central portion of the 
disc valve 11, so that the disc valve 11 is always pressed 
against the seat portion 9 of the movable member 7. 

A pilot chamber 20 (a damping force-controlling 
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mechanism) is formed in the cylindrical portion 6 of the 
piston member 3, which is defined by the movable member 7, 
the disc valve 11, the coil case 14 and the slide member 16 
The bottom portion of the movable member 7 and the disc 
5 valve 11 annularly form, at a position outward of the seat 
portion 10, an extension- stroke pressure-receiving portion 
21. A passage 22 is provided in the cylindrical portion 6 
of the piston member 3 at a position facing the extension- 
stroke pressure-receiving portion 21. The passage 22 is 
10 communicated with the upper cylinder chamber 2a. The disc 
valve 11 forms, at a position inward of the seat portion 10 
an annularly- shaped compression-stroke pressure-receiving 
portion 23 facing the lower cylinder chamber 2b. The disc 
valve 11 opens when separated from the seat portion 10, due 
15 to the action of a pressure in the upper cylinder chamber 
2a, which is received by the extension-stroke pressure- 
receiving portion 21, or the action of a pressure in the 
lower cylinder chamber 2b, which is received by the 
compression-stroke pressure-receiving portion 23. When the 
20 disc valve 11 is open, the upper cylinder chamber 2a and 
the lower cylinder chamber 2b are communicated with each 
other, and a pressure in the pilot chamber 20 acts in a 
direction for closing the disc valve 11. 

The pilot chamber 20 is communicated with the passage 
25 22 through fixed orifices 24 (cut portions) formed at an 

outer peripheral portion of the disc valve 11. The pilot 
chamber 20 is also communicated with the upper cylinder 
chamber 2a through a fixed orifice 25 formed in the 
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cylindrical portion 6 of the piston member 3. The fixed 
orifice 25, which is located at the uppermost position in 
the pilot chamber 20, also serves as an air release passage. 

A passage 26 is formed between a forward end of the 
5 cylindrical portion 13 of the piston member 3 and an end 
face of an outer peripheral portion of the coil case 14, 
and a passage 27 is formed in a side wall of the coil case 
14. The pilot chamber 20 is communicated with the guide 
bore 15 through the passage 26 and the passage 27, and 
10 further communicated with the lower cylinder chamber 2b 
through an interior of the slide member 16 fittingly 
disposed in the guide bore 15. The fixed orifices 24 and 
25, the passage 26, the passage 27, the guide bore 15 and 
the interior of the slide member 16 in combination form a 
15 pilot passage (a damping force-controlling mechanism) for 
allowing the magnetic fluid to flow through the pilot 
chamber 20 according to slidable movement of the piston 
member 3 . 

The coil case 14 accommodates a coil 28 (a damping 
20 force-controlling mechanism, viscosity-changing means) 

located adjacent to the passage 26. Portions surrounding 
the passages 26 and 27 and the coil 28 are formed from a 
magnetic body, so that a magnetic field generated by the 
coil 28 acts on the magnetic fluid flowing through the 
25 passages 26 and 27. A conductor 29 of the coil 28 extends 
from the coil case 14 through a bore 30 formed in the 
piston member 3 and a bore 31 in the piston rod 5, and 

further extends beyond a forward end of the piston rod 5 to 
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the outside, and is connected to a controller (not shown). 

Next, an operation of the above embodiment is 
explained. 

A flow of the magnetic fluid in an extension stroke 
5 of the piston rod 5 is indicated by solid arrows in Fig. 1. 
Before the disc valve 11 opens, the magnetic fluid in the 
upper cylinder chamber 2a passes through the passage 22 and 
the fixed orifices 24, and through the fixed orifice 25, 
and flows into the pilot chamber 20. The magnetic fluid 
10 further flows from the pilot chamber 20 into the lower 
cylinder chamber 2b through the passages 26 and 27, the 
guide bore 15 and the interior of the slide member 16. 

When the pressure in the upper cylinder chamber 2a acting 
on the extension-stroke pressure-receiving portion 21 of 
15 the disc valve 11 reaches a valve-opening pressure of the 
disc valve 11, the disc valve 11 opens, and the magnetic 
fluid in the upper cylinder chamber 2a directly flows from 
the passage 22 into the lower cylinder chamber 2b. 

A flow of the magnetic fluid in a compression stroke 
20 of the piston rod 5 is indicated by dashed arrows in Fig. 1. 
Before the disc valve 11 opens, the magnetic fluid in the 
lower cylinder chamber 2b passes through the interior of 
the slide member 16, the guide bore 15 and the passages 27 
and 26 and flows into the pilot chamber 20. The magnetic 
25 fluid further flows from the pilot chamber 20 into the 

upper cylinder chamber 2a through the fixed orifices 24 and 
the passage 22, and through the fixed orifice 25. When the 
pressure in the lower cylinder chamber 2b acting on the 
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compression- stroke pressure-receiving portion 23 of the 
disc valve 11 reaches the valve-opening pressure, the disc 
valve 11 opens, and the magnetic fluid in the lower 
cylinder chamber 2b directly flows from the passage 22 into 
5 the upper cylinder chamber 2a. 

A damping force can be controlled by changing the 
viscosity of the magnetic fluid flowing through the 
passages 26 and 27, according to a controlled current 
applied from the controller to the coil 28 . 

10 When the coil 28 is de-energized, the viscosity of 

the magnetic fluid is low, and the flow resistance of the 
passages 26 and 27 is smaller than the flow resistance of 
the fixed orifices 24 and 25. In this case, in an 
extension stroke, the flow resistance of the passages 26 
15 and 27 located on the downstream side of the pilot chamber 
20 is smaller than that of the fixed orifices 24 and 25 
located on the upstream side of the pilot chamber 20. 
Therefore, the pressure in the pilot chamber 20 is low, and 
therefore the valve-opening pressure of the disc valve 11 
20 is low. Consequently, a small damping force is generated 
in the extension stroke (soft damping for an extension 
stroke). In a compression stroke, the flow resistance of 
the passages 26 and 27 located on the upstream side of the 
pilot chamber 20 is smaller than that of the fixed orifices 
25 24 and 25 located on the downstream side of the pilot 

chamber 20. Therefore, the pressure in the pilot chamber 
20 becomes high, and therefore the valve-opening pressure 
of the disc valve 11 becomes high. Consequently, a large 
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damping force is generated (hard damping for a compression 
stroke) . 

When the coil 28 is energized for excitation, a 
magnetic field generated by the coil 28 acts on the 
5 magnetic fluid flowing through the passages 26 and 27, thus 
increasing the viscosity of the magnetic fluid and making 
the flow resistance of the passages 26 and 27 larger than 
that of the fixed orifices 24 and 25. In this case, in an 
extension stroke, the flow resistance of the passages 26 
10 and 27 located on the downstream side of the pilot chamber 
20 is larger than that of the fixed orifices 24 and 25 
located on the upstream side of the pilot chamber 20. 
Therefore, the pressure in the pilot chamber 20 becomes 
high, and therefore the valve -opening pressure of the disc 
15 valve 11 becomes high. Consequently, a large damping force 
is generated in the extension stroke (hard damping for an 
extension stroke) . In a compression stroke, the flow 
resistance of the passages 26 and 27 on the upstream side 
of the pilot chamber 20 is larger than that of the fixed 
20 orifices 24 and 25 on the downstream side of the pilot 

chamber 20. Therefore, the pressure in the pilot chamber 
20 becomes low, and therefore the valve-opening pressure of 
the disc valve 11 becomes low. Consequently, a small 
damping force is generated (soft damping for a compression 
25 stroke) . 

Thus , a damping force can be controlled according to 
a current applied to the coil 28. Reverse damping force 
characteristics for an extension stroke and a compression 
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stroke can be obtained, such that when hard damping is 
provided in one of an extension stroke and a compression 
stroke, soft damping is provided in the other stroke. This 
achieves high responsiveness when a damping force is 
5 controlled, based on the "sky-hook" theory. 

In this embodiment , a damping force for an extension 
stroke and a compression stroke is controlled by changing 
the pressure in the pilot chamber 20 according to the flow 
resistance of the passages 26 and 27. Therefore, the 
10 magnetic fluid which is exposed to the magnetic field can 
be flowed at a low flow rate. Therefore, the shock 
absorber can be operated with low power consumption over a 
sufficiently wide rage of controlled damping force. 

Further, it is unnecessary to increase the viscosity of the 
15 magnetic fluid to an excessively high level, so there are 

no problems such as instability of a state of dispersion of 
the magnetic fluid or deterioration of seal members in the 
shock absorber. Further, a coil having a small capacity 
can be used, so that the coil 28 can be compact in size. 

20 In addition, for obtaining reverse damping force 

characteristics, a damping force for an extension stroke 
and a compression stroke can be controlled using only one 
disc valve 11 and one pilot chamber 20. Therefore, a shock 
absorber which has a simple structure and is compact in 
25 size can be obtained. 

Next, a second embodiment of the present invention is 
described, referring to Figs. 2 to 7 . A structure of a 
controllable damping force shock absorber of the second 
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embodiment is substantially the same as that of the first 
embodiment, except that the coil and the passages for 
communication between the pilot chamber 20 and the upper 
and lower cylinder chambers 2a and 2b are changed. 

5 Therefore, the same parts or portions as used in the first 
embodiment are indicated by the same reference numerals , 
and overlapping explanations are omitted. 

In a controllable damping force shock absorber 32 in 
the second embodiment, a coil case 35 accommodating two 
10 coils 33 and 34 (a damping force-controlling mechanism) is 
attached to the bottom portion of the piston member 3 . The 
coil case 35 is fixed by a generally cylindrical fixing 
member 36 threadably attached to the bottom portion of the 
piston member 3 . 

15 The pilot chamber 20 is communicated with the upper 

cylinder chamber 2a through an orifice passage 37 formed in 
a side wall of the fixing member 36, a passage 38 formed 
between the fixing member 36 and the coil case 35 and a 
passage 39 formed in the bottom portion of the piston 
20 member 3. The pilot chamber 20 is also communicated with 
the lower cylinder chamber 2b through a passage 40 formed 
in the side wall of the fixing member 36, an orifice 
passage 41 formed in the coil case 35, the guide bore 15 
and the interior of the slide member 16. The orifice 
25 passage 37, the passages 38, 39 and 40, the orifice passage 
41, the guide bore 15 and the interior of the slide member 
16 in combination form a pilot passage (a damping force- 
controlling mechanism) for allowing the magnetic fluid to 
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flow through the pilot chamber 20 according to slidable 
movement of the piston member 3. 

The coil 33 is located adjacent to the orifice 
passage 37 and the passage 38. Portions surrounding the 
5 coil 33, the orifice passage 37 and the passage 38 are 

formed from a magnetic body, so that the viscosity of the 
magnetic fluid flowing through the orifice passage 37 
changes due to the action of a magnetic field generated by 
the coil 33. The coil 34 is located adjacent to the 
10 passage 40 and the orifice passage 41. Portions 

surrounding the coil 34, the passage 40 and the orifice 
passage 41 are formed from a magnetic body, so that the 
viscosity of the magnetic fluid flowing through the orifice 
passage 41 changes due to the action of a magnetic field 
15 generated by the coil 34. Conductors 42 and 43 of the 

coils 33 and 34 extend from the coil case 35 through the 
bore 30 in the piston member 3 and the bore 31 in the 
piston rod 5 , and further extend beyond the forward end of 
the piston rod 5 to the outside, and are connected to the 
20 controller (not shown) . 

Next, an operation of the second embodiment is 
explained. 

A flow of the magnetic fluid in an extension stroke 
of the piston rod 5 is indicated by solid arrows in Fig. 2. 
25 Before the disc valve 11 opens, the magnetic fluid in the 
upper cylinder chamber 2a passes through the passage 39, 
the passage 38 and the orifice passage 37 and flows into 
the pilot chamber 20. The magnetic fluid further flows 
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from the pilot chamber 20 into the lower cylinder chamber 
2b through the passage 40, the orifice passage 41, the 
guide bore 15 and the interior of the slide member 16. 

When the pressure in the upper cylinder chamber 2a acting 
5 on the extension- stroke pressure-receiving portion 21 of 

the disc valve 11 reaches the valve-opening pressure of the 
disc valve 11, the disc valve 11 opens, and the magnetic 
fluid in the upper cylinder chamber 2a directly flows from 
the passage 22 into the lower cylinder chamber 2b. 

10 A flow of the magnetic fluid in a compression stroke 

of the piston rod 5 is indicated by dashed arrows in Fig. 2. 
Before the disc valve 11 opens, the magnetic fluid in the 
lower cylinder chamber 2b passes through the interior of 
the slide member 16, the guide bore 15, the orifice passage 
15 41 and the passage 40 and flows into the pilot chamber 20. 

The magnetic fluid further flows from the pilot chamber 20 
into the upper cylinder chamber 2a through the fixed 
orifice passage 37, the passage 38 and the passage 39. 

When the pressure in the lower cylinder chamber 2b acting 
20 on the compression- stroke pressure-receiving portion 23 of 
the disc valve 11 reaches the valve-opening pressure, the 
disc valve 11 opens, and the magnetic fluid in the lower 
cylinder chamber 2b directly flows from the passage 22 into 
the upper cylinder chamber 2a. 

25 A damping force can be controlled by changing the 

viscosity of the magnetic fluid flowing through the orifice 
passages 37 and 41, according to control currents applied 
from the controller to the coils 33 and 34. In this 
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embodiment, the pressure in the pilot chamber 20 for 
controlling the valve-opening pressure of the disc valve 11 
is determined based on a flow resistance ratio varied by 
changing the viscosity of the magnetic fluid flowing 
5 through the orifice passage on the upstream side of the 
pilot chamber 20 (the orifice passage 37 or 41) and the 
orifice passage on the downstream side of the pilot chamber 
20 (the orifice passage 41 or 37). Fig. 3 is a fluid 
circuit diagram of the damping force -controlling mechanism. 
10 Fig. 4 indicates how a ratio (12/11) between a 

current II applied to the coil 34 and a current 12 applied 
to the coil 33 is changed, by way of example. By changing 
the value of 12/11 as indicated in Fig. 4, starting with a 
region A (12/11 < 1) and following through a region B 
15 (12/11 = 1) and a region C (12/11 > 1), a ratio (PP/P1) of 

a pressure PP in the pilot chamber 20 to a pressure PI in 
the upper cylinder chamber 2a, and a ratio (PP/P2) of the 
pressure PP to a pressure P2 in the lower cylinder chamber 
2b, are controlled as indicated in Fig. 5. In Fig. 5, the 
20 domain above the horizontal axis shows the relevant 

relationship in an extension stroke and the domain below 
the horizontal axis shows the relevant relationship in a 
compression stroke. 

That is, in the region A (12/11 < 1), in an extension 
25 stroke, the flow resistance of the orifice passage 37 on 

the upstream side of the pilot chamber 20 is small and the 
flow resistance of the orifice passage 41 on the downstream 
side of the pilot chamber 20 is large. Therefore, the 
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pressure in the pilot chamber 20 is high, so that the 
valve-opening pressure of the disc valve 11 is high, thus 
generating a large damping force for the extension stroke 
(hard damping for an extension stroke) . In this case, in a 
5 compression stroke, the flow resistance of the orifice 

passage 41 on the upstream side of the pilot chamber 20 is 
large and the flow resistance of the orifice passage 37 on 
the downstream side of the pilot chamber 20 is small. 
Therefore, the pressure in the pilot chamber 20 becomes low, 
10 so that the valve-opening pressure of the disc valve 11 

becomes low, thus generating a small damping force for the 
compression stroke (soft damping for a compression stroke). 

In the region C (12/11 > 1), in an extension stroke, 
the flow resistance of the orifice passage 37 on the 
15 upstream side of the pilot chamber 20 is large and the flow 
resistance of the orifice passage 41 on the downstream side 
of the pilot chamber 20 is small. Therefore, the pressure 
in the pilot chamber 20 is low, so that the valve-opening 
pressure of the disc valve 11 is low, thus generating a 
20 small damping force for the extension stroke (soft damping 
for an extension stroke). In this case, in a compression 
stroke, the flow resistance of the orifice passage 41 on 
the upstream side of the pilot chamber 20 is small and the 
flow resistance of the orifice passage 37 on the downstream 
25 side of the pilot chamber 20 is large. Therefore, the 

pressure in the pilot chamber 20 becomes high, so that the 
valve-opening pressure of the disc valve 11 becomes high, 
thus generating a large damping force for the compression 
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stroke (hard damping for a compression stroke) . In the 
region B (12/11 = 1), a damping force becomes intermediate. 

Thus , by controlling the currents applied to the 
coils 33 and 34, reverse damping force characteristics for 
5 an extension stroke and a compression stroke can be 
obtained as indicated in Fig. 6, such that when hard 
damping is provided in one of the extension stroke and the 
compression stroke, soft damping is provided in the other 
stroke. This achieves high responsiveness when a damping 
10 force is controlled, based on the "sky-hook" theory. 

Various damping force characteristics other than reverse 
damping force characteristics can also be obtained by using 
an appropriate combination of the currents applied to the 
two coils 3 3 and 34. For example, hard damping can be 
15 provided in both the extension stroke and the compression 
stroke, or an intermediate damping force (having 
characteristics between hard damping and soft damping) can 
be generated in both the extension stroke and the 
compression stroke. 

20 Since two coils 33 and 34 are provided, the flow 

resistance of the orifice passage on the upstream side of 
the pilot chamber 20 (the orifice passage 37 in the 
extension stroke, the orifice passage 41 in the compression 
stroke) can be appropriately controlled by controlling the 
25 currents applied to these coils 33 and 34. Therefore, as 
indicated in Fig. 7, in both the extension stroke and the 
compression stroke, a damping force in a low- speed range of 
piston speeds (orifice characteristics) can be controlled 



19 




in such a manner as indicated by a line D (high flow 
resistance on the upstream side of the pilot chamber 20), E 
(intermediate flow resistance on the upstream side of the 
pilot chamber 20) or F (low flow resistance on the upstream 
5 side of the pilot chamber 20). Thus, a damping force can 
be controlled with a high degree of flexibility. 

Further, when a damping force is switched from hard 
damping to soft damping, the pressure in the pilot chamber 
20 can be rapidly released by de-energizing the coil (the 
10 coil 34 in the extension stroke, and the coil 33 in the 
compression stroke) in the orifice passage on the 
downstream side of the pilot chamber 20 (the orifice 
passage 41 in the extension stroke, and the orifice passage 
37 in the compression stroke) . This achieves high 
15 responsiveness when switching a damping force. 

Next, referring to Fig. 8, a third embodiment of the 
present invention is described. The third embodiment is 
substantially the same as the first embodiment, except that 
instead of the magnetic fluid, an electrorheological fluid 
20 having viscosity varied due to the action of an electric 
field is sealably contained in the cylinder 2, and that a 
pair of electrodes 128 is provided on opposite sides of the 
passage 26, instead of providing the coil 28. Therefore, 
the same parts or portions as used in the first embodiment 
25 are indicated by the same reference numerals, and 
overlapping explanations are omitted. 

As indicated in Fig. 8, a controllable damping force 
shock absorber 101 in this embodiment has no coil 28 such 
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as that provided in the first embodiment. Instead, a pair 
of electrodes 128 is provided in the coil case 14 and the 
cylindrical portion 13 through insulating materials so that 
the passage 26 is interposed between the electrodes 128. 

5 The pair of electrodes 128 (viscosity-changing means) is 
adapted to generate an electric field in the passage 26 
when energized. 

In the first embodiment, a magnetic fluid is sealably 
contained in the cylinder 2 of the controllable damping 
10 force shock absorber 1. In the third embodiment, an 

electrorheological fluid (a variable viscosity fluid) is 
sealably contained in the cylinder 2 of the controllable 
damping force shock absorber 101. The electrorheological 
fluid is a fluid having viscosity varied due to the action 
15 of an electric field. 

In the third embodiment, an electric field is 
generated in the passage 26 by energizing the electrodes 
128. Due to the action of this electric field, the 
viscosity of the electrorhelogical fluid passing through 
20 the passage 26 changes, thus changing the flow resistance 
of the passage 26. Therefore, the pressure in the pilot 
chamber 20 can be increased or decreased by controlling a 
current applied to the electrodes 128, thus controlling a 
damping force generated by the controllable damping force 
25 shock absorber 101. 
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